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Outline 
• Part 1: General Introduction to 

DrugMatrix and ToxFX 

• Part 2: Overview of the DrugMatrix 
Database 
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DrugMatrix and ToxFX: History 
•	 DrugMatrix 

–	 Comprehensive Rat Toxicogenomics Database and Analysis Tool 

–	 https://ntp.niehs.nih.gov/drugmatrix/index.html 

•	 ToxFX 
–	 Automated Toxicogenomics Analysis Tool that uses DrugMatrix data and 

signatures to evaluate user data 

–	 https://ntp.niehs.nih.gov/toxfx/ 

•	 Originally owned by Iconix Pharmaceuticals and Entelos, Inc. 

•	 Acquired by NTP in late 2010 
–	 Goal 

•	 Facilitate the integration of toxicogenomics into hazard characterization 

•	 Make the computational and data resources freely available to the public 
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DrugMatrix: Applications 
• Upload your own data for analysis or mine the DrugMatrix data 

• Find similar expression profiles 

• Determine significantly up and down regulated genes 

• Perform gene ontology analysis of perturbed genes 

• Visualize expression profiles on pathways 

• Score expression profiles for >50 phenotypes with Drug Signatures 

• Construct expression patterns for putative biomarker sets 

• Test the performance of biomarker sets for detecting phenotypes 

• Perform hierarchical clustering 

• Find consistently changed genes 

• Identify enriched literature annotations in groups of expression profiles 

• Mine the literature 5 



DrugMatrix: Upload data
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DrugMatrix: Upload data
 
Brain 
Heart 
Hepatocyte 
Intestine 
Kidney 
Liver 
Spleen 
Thigh Muscle 

HT Rat-Focus 
Rat 230 2.0 
Rat Exp Array 230A 
Rat Genome U34A 
RatToxFX 

Daily 
Weekly 
Multiple Daily 

Corn Oil 
Saline 
Water 

Intraperitoneal 
Intravenous 
Oral Gavage 

Fisher 
Sprague Dawley 

Male 
Female 
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ToxFX 
•	 Rapid, automated toxicogenomic analysis tool 
•	 Generates a detail toxicogenomics report within 5 minutes 

–	 Ranking of the relative toxicological liabilities of their compound 
–	 Quality control analysis which ensures the highest quality data 
–	 Choice of 3 comparator compounds, available from the 


DrugMatrix® database 

–	 Tailored report, written to append to existing toxicology study 

reports 
–	 Increased productivity – saving time on analysis and report-writing 
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DrugMatrix vs. ToxFX 
•	 ToxFX and DrugMatrix provide toxicogenomics 

analyses but were developed for different end users 

Feature ToxFX DrugMatrix 
Customizable No Yes 

Depth Quick comparison Comprehensive 
Expertise needed No Yes 

Resources needed Data only Data and Scientists 
Time <1 day Open-ended 

Drug Signatures Yes Yes 
Pathway Analysis Yes Yes 

DEGs Yes Yes 
9 



Drug/Toxicity Signatures (1)
Examples of 

Drug Signatures 
Classes

Toxicological Outcomes

Toxicity Endpoint
DNA Alkylator, Heavy Metal Toxicant, 

Renal DNA Intercalator
(Anthracycline-like)

Organ Pathology

Hepatic Necrosis, Bile Duct Hyperplasia, 
Renal Tubular Necrosis, Nephromegaly, 

Cardiac Myocyte Degeneration, 
Heart Weight Increase

Genetic Endpoint DNA Damage
Mechanistic Class PXR Activation, Peroxisome Proliferator
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Drug/Toxicity Signatures (2) 
•	 Signatures available on liver, heart, kidney, and thigh 

muscle. 
•	 DrugMatrix has hundreds of signatures on these four 

organs & primary hepatocytes. 
•	 ToxFX encompasses all DrugMatrix Affymetrix data 

for liver, heart, kidney, and primary hepatocytes, but 
not muscle. 

•	 ToxFX has 27 liver signatures and 55 total signatures 
covering liver, heart, or kidney and 8 primary 
hepatocyte signatures. 

•	 8 primary hepatocyte signatures 11 



 

 
  

 
  

DrugMatrix Data
 

• ftp://anonft
• Unprocess

– Bulk dow
– Individual

• Microarray

p.niehs.nih.gov/drugmatrix
 

ed microarray data 
nload 
 Expression Studies 
 data normalized by organ
 

– Affymetrix – 5 normalization algorithms 
– Codelink – Quantile normalized 

• Individual animal toxicology data 
• Detailed array parameter files 

ftp://anonftp.niehs.nih.gov/drugmatrix


 DrugMatrix: FTP Download
 

ftp://anonftp.niehs.nih.gov/drugmatrix/ 



   

Example Application of DrugMatrix
 

DE-71
 

(Study Scientist: Dr. June Dunnick)
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  DE71: A mixture of polybrominated diphenyl ethers
 

BDE 47
 BDE 99	 BDE 153
 

•	 PBDEs are flame retardant components that bioaccumulate; 
persistent organic pollutants 

•	 Widespread human exposure 
•	 Hepatic enzyme inducing agents and endocrine disruptors 
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Gene Expression Study design
 

•	 Dose level: 0 or 50 mg/kg/day 

•	 Route: Oral Gavage (methylcellulose) 

•	 Model: Male Wistar Han rats 

•	 Exposure period: gestational day (GD) 6 to postnatal day 

(PND) 21 

•	 Euthanized: PND 22 

•	 Tissue evaluated: Liver 

•	 Array: Affymetrix Rat Genome 230 2.0 

•	 Question: What are the potential toxicological effects of DE71 

that can be identified by toxicogenomics? 
16 



   

  

DrugMatrix Analysis of DE71- Top DEGs 

- Cyp1a1, Cyp2b, Cyp2c - Fgf21, Cyp17a1, Abcg8
 

Induced Repressed 

17 



    

 

  

DrugMatrix Analysis of DE71- Signature Scoring
 

Rat Liver - Oil Red O
 

Vehicle DE71 Dunnick, et al, Tox. Path., 2012 18 



    

    
  

  

DrugMatrix Analysis of DE71- Chemical 
Enrichment Analysis 
•	 Chemical ontology enrichment analysis of the top 25 most 

similar expression studies (Hypergeometric Analysis) 

* DE71 has been shown to alter aromatase activity in number of studies 19 



   

 

 
 

 

DrugMatrix Analysis of DE71- Pathway Analysis
 
Pathway %  Gene Changed  in Pathway 
Cholesterol Biosynthesis 75 
Xenobiotic Metabolism 51.724136 
Bile Acid Synthesis 50 
Bile Acid &  Cholesterol Metabolism 45.833336 
Oxidative  Stress Response Mediated by Nrf2 44.897957 

*Multiple subchronic 
studies have 
observed increases 
in serum cholesterol 
following 
DE71 exposure 

20 



 Part 2: DrugMatrix Database Overview
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DrugMatrix Database Content
 

Pathology 
Profiles 

Gene 
Expression 
Profiles 

Pharmacology 
Profiles 

Benchmark 

Gene Expression 
• CodeLink RU1 10K 

rat array 
• Affymetrix Whole 

Genome Arrays 

Pharmacology Assays 
• Binding, Enzyme, ADME 

Pathology Assays 
• Histopathology 
• Clinical chemistry 
• Hematology 
• Body and organ weights 

Drugs and
 
Compounds
 

Literature 
Profiles 

Drug Literature 
• Pharmacology 
• Toxicology 
• Structure 
• Pathways 
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Progression of Content 

Numbers of Compounds: 
• 637 in Expression Studies 
• 867 with Molecular Pharmacology
 
• ~900 with Full Curation 
• ~2000 with Base Curation 
• ~8000 with Structures 

Structures 

Base Literature 

Full Literature 

Molecular Pharm. 

Expression 

23 



DrugMatrix Gene Expression Data
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DrugMatrix Chemical Diversity 
Standard 

biochemical, 15, Approved 
2% 

US FDA 
approved drugs 

, 433, 68% 

637 Compounds Standard 

toxicant, 72,
 

11%
 

outside of US, 
Withdrawn or 63, 10% 
discontinued 
drug, 54, 9% 
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Standardized DrugMatrix in vivo Experimental Protocol
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Chemical Selection
 

•	 Goal is to identify biomarkers predictive of pathology
 

•	 Cannot have drug mechanism confounded with tox 
mechanism 

•	 Minimal designs require 3 
mechanistically/structurally distinct classes 
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Range Finding Study
 

•	 Dosing was estimated from literature curation 
•	 Literature information was used to estimate an MTD dose 

–	 MTD: 10% reduction in growth (body weight) 

•	 Dose estimate was bracketed for a 5 day range finding 
study 

•	 Results of range finding study often differed from the 
literature 

•	 Results were presented to the dose-setting committee 
•	 Committee approves dosing for array study 28 



Dose Justification: Example
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Definitive DrugMatrix Array Study
 

•	 Two doses 
–	 MTD 
–	 FED 

•	 Four time points 
–	 0.25 
–	 1 
–	 3 
–	 5, 7, or 14 

•	 Daily dosing every
morning at ~ same 
time 

•	 Sacrifice in morning 
at ~ same time 
(except 0.25d) 

•	 Tissues collected 
–	 Punches flash 

frozen 
–	 Part fixed in formalin 
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DrugMatrix Content 
~ 637 compounds 
~ 4,000 dose-time-tissue combinations (biological triplicates) 
~ 2,000,000 dosed tissue samples 

LIVER 

Gene expression Histopathology Pharmacology Blood 
Chemistry 

249 

209 

73 

119 

39 

345 compounds in LIVER 

KIDNEY 

RAT PRIMARY 
HEPATOCYTES 

MARROW 

HEART 

Literature 

SPLEEN 

MUSCLE 

~ 13,000 Codelink RU1 Microarrays 
~ 5,000 Affymetrix RG230-2 Arrays 
~127,000 histopathology measurements 
~100,000 hematology and chemistry measurements 

BRAIN,  INTESTINE 25 

14 
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Molecular Pharmacology Profiles 

•	 Over 870 compounds profiled across 130 in vitro 
pharmacology assays 

7 ADME 
Assays 

35 Enzyme 
Assays 

88 
Binding 
Assays 

32 



   
     

       
     

 
   

  
    

  

  

   
 

     

DrugMatrix - In vitro Assays 

•	 125 biochemical assays of receptors, ion channels and enzymes 
•	 Assays were selected to include assays of drug targets with known side effects 

potentially undesirable for new drug candidates, assays of targets for very 
important drug classes, assays for targets popular within the drug industry and 
sites of human drug-drug interaction and human drug metabolism 

•	 Sixty-nine percent (69%) of the assays are based on expression of the human 
recombinant form of the receptor or enzyme 

•	 Rat-based assays comprise 14% of the assays, and the remainder comprises 
mouse, bovine, bacteria, guinea pig, and rabbit-based assays 

•	 Assay Protocol 
–	 Tier 1: ~861 screened at 10 µM 
–	 Tier 2 

•	 Compounds were selected for more extensive testing if they achieved or exceeded 70% 
inhibition at the 10 μM concentration 

•	 eight concentrations at ½ -log intervals in duplicate 



 
 

 
 
 

 
 

 

 

 

Literature and Structure Curation
 

• Clinical literature 
–	 indication,
 

mechanism, toxicity
 

•	 Pharmacology 
literature 

– ED50, LD50, IC50 
• Pharmacokinetic 

literature 
–	 CMax, half-life,
 

AUC, Clearance
 

• Physical properties 
– MW, logP, logS, pKa 

• Structure files 
−	 .mol files 34 



  

  

 

Recent Updates to Drug Matrix 
• Normalization: MAS5 to PLIER 

• Signatures were rederived after 
normalization update 

• Ongoing:Gene annotation updates 

• Ongoing: GO term updates 

• Ongoing: Add TG-GATES data 35 



  
     

   
 

  
   

  

 

  

  
  

DrugMatrix Data Domains
 

•	 Gene Domain – search individual genes to find out how they 
behave with different treatments 

•	 Assay Domain – search and display in vitro assay results and 
clinical chemistry/hematology results 

•	 Expression Domain – view results for single expression studies 
•	 Pathway Domain – explore over 130 different biological 

pathways 
•	 Expression Study Domain – view composite results multi­

day/dose toxicity/toxicogenomic studies 
•	 Signature Domain – Search predefined genomic signatures in 

DrugMatrix 
•	 Histopathology Domain – Find details on specific 

histopathologies annotated in DrugMatrix 
•	 Motif Domain – Search DrugMatrix Motif Signatures that are 

based solely on genes annotated to biological pathways 



   
 

     
 

   

 

  

 

DrugMatrix ToolBox
 

•	 Significant Gene Finder - find differentially expressed 
genes 

•	 Expression Experiment Matrix - cluster your data with 
other DrugMatrix data 

•	 Pathway Impact Matrix - cluster pathway impact scores 
•	 Hypergeometric Analysis - identify enriched DrugMatrix 

ontologies for compounds that exhibit similar gene 
expression patterns 

•	 Pattern Creator - generate your own gene expression 
biomarkers 

•	 Pattern Assessment - estimate the performance of your 
gene expression biomarker 

•	 Signature Heatmap and Signature Histogram - score your 
data with predefine DrugMatrix signatures 



 

        
               

       
          

              
         

          
    

    
   

 
        

       
   

DrugMatrix/ToxFX Related Publications (1)
 

•	 Ganter, B., Tugendreich, S., Pearson, C. I., Ayanoglu, E., Baumhueter, 
S., Bostian, K. A., Brady, L., Browne, L. J., Calvin, J. T., Day, G. J., 
Breckenridge, N., Dunlea, S., Eynon, B. P., Furness, L. M., Ferng, J., 
Fielden, M. R., Fujimoto, S. Y., Gong, L., Hu, C., Idury, R., Judo, M. S., 
Kolaja, K. L., Lee, M. D., McSorley, C., Minor, J. M., Nair, R. V., 
Natsoulis, G., Nguyen, P., Nicholson, S. M., Pham, H., Roter, A. H., Sun, 
D., Tan, S., Thode, S., Tolley, A. M., Vladimirova, A., Yang, J., Zhou, Z. 
and Jarnagin, K. (2005). Development of a large-scale chemogenomics 
database to improve drug candidate selection and to understand 
mechanisms of chemical toxicity and action. J Biotechnol 119, 219-44. 

•	 Roter, A. H. (2005). Large-scale integrated databases supporting drug 
discovery. Curr Opin Drug Discov Devel 8, 309-15. 

•	 Fielden, M. R., Eynon, B. P., Natsoulis, G., Jarnagin, K., Banas, D. and 
Kolaja, K. L. (2005). A gene expression signature that predicts the future 
onset of drug-induced renal tubular toxicity. Toxicol Pathol 33, 675-83. 

38 



 
 

 
  

  
 

  
   

 
  

    
  
  

 
   

  

DrugMatrix/ToxFX Related Publications (2) 
•	 Natsoulis, G., El Ghaoui, L., Lanckriet, G. R., Tolley, A. M., Leroy, F., 

Dunlea, S., Eynon, B. P., Pearson, C. I., Tugendreich, S. and Jarnagin, K. 
(2005). Classification of a large microarray data set: algorithm comparison 
and analysis of drug signatures. Genome Res 15, 724-36. 

•	 Tugendreich, S., Pearson, C. I., Sagartz, J., Jarnagin, K. and Kolaja, K. 
(2006). NSAID-induced acute phase response is due to increased intestinal 
permeability and characterized by early and consistent alterations in 
hepatic gene expression. Toxicol Pathol 34, 168-79. 

•	 Fielden, M. R., Brennan, R. and Gollub, J. (2007). A gene expression 
biomarker provides early prediction and mechanistic assessment of hepatic 
tumor induction by nongenotoxic chemicals. Toxicol Sci 99, 90-100 

•	 Fielden, M. R. and Halbert, D. N. (2007). Iconix Biosciences, Inc. 
Pharmacogenomics 8, 401-5. 

•	 Natsoulis, G., Pearson, C. I., Gollub, J., B, P. E., Ferng, J., Nair, R., Idury, 
R., Lee, M. D., Fielden, M. R., Brennan, R. J., Roter, A. H. and Jarnagin, K. 
(2008). The liver pharmacological and xenobiotic gene response repertoire. 
Mol Syst Biol 4, 175. 39 
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